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LIGHT SCREENINGAPPARATUS AND 
ELECTRONIC DEVICE INCLUDING THE 

SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims priority under 35 U.S.C. S 119 to 
Korean Patent Application No. 10-2010-0130250, filed on 
Dec. 17, 2010, in the Korean Intellectual Property Office, the 
entire disclosure of which is incorporated herein by reference. 

BACKGROUND 

1. Field 
Exemplary embodiments of the following description 

relate to an optical apparatus, a light Screening apparatus, and 
an electronic device including the light Screening apparatus. 

2. Description of the Related Art 
A light screening apparatus is a device that transmits or 

blocks incident light. An optical shutter, which is one type of 
light screening apparatus, is used to selectively transmit or 
block light. For example, an optical shutter included in a 
camera selectively transmits light passing through the cam 
era's lens and to an image sensor. Generally, such a camera 
controls a time period during which light is transmitted to the 
image sensor and/or the amount of light incident on the image 
sensor by controlling an operating speed of the optical shutter 
and/or an opening size of an aperture of the camera. Light 
screening apparatuses such as optical shutters have been uti 
lized for various electronic devices, such as optical Switching 
devices, which require a permanent or temporary light 
screening function, or require a selective blocking or trans 
mitting of incident light. 

There are different types of optical shutters including 
mechanically operating optical shutters and electronically 
operating optical shutters. In an electronically operating opti 
cal shutter, an on/off status of an image sensor is controlled in 
order to control a time during which the image sensor receives 
light or to limit the amount of light received by the image 
sensor. Since an electronically operating optical shutter oper 
ates according to a predetermined circuit configuration, elec 
tronically operating optical shutters have been widely used in 
a portable digital cameras. However, Such electronically 
operating optical shutters have a drawback in that image 
dragging may occur as the number of pixels included in a 
camera module increases. Image dragging generally occurs 
in electronic rolling shutter (ERS) systems because an image 
in an ERS system is captured by activating the image sensors 
sequentially from one corner (e.g. the left, top corner) to an 
opposite corner (e.g. the right, bottom corner) of the pixel 
matrix. Therefore, when an object is moving quickly, there is 
a position change of the object during the time that the image 
sensors are being sequentially activated. This causes an 
unwanted image dragging effect. 

Recently, the number of pixels in a camera module for a 
mobile device, such as a mobile phone, a gaming device, a 
camera or the like, has been increased significantly in order to 
obtain a high quality image, and thus the interest in a 
mechanically operating optical shutters has increased. A 
recent tendency in the mobile device industry is to make the 
device Smaller and thinner, and thus mechanically operating 
optical shutters need to be smaller and thinner while continu 
ing to operate with a fast response (shuttering) speed. Korean 
patent application publication No. 2009-0055996, published 
on Jun. 30, 2009, entitled “Shutter and Micro Camera Module 
Having the Same describes an example of a mechanically 
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2 
operating optical shutter that uses a plurality of rollup blades 
to achieve a high response speed. 
Most electronic devices include a display device. Such as a 

Liquid Crystal Display (LCD) touch screen. Demand for a 
display device providing high quality images and perfor 
mance is continuously increasing. In order to meet these 
needs, manufacturing technologies for display devices have 
been improved significantly and continuously to obtain better 
display devices. Two different kinds of display devices have 
been developed for electronic devices. These are transmis 
Sion-type devices and reflection-type devices. In a transmis 
Sion-type display device, images are displayed using light 
transmitted through a panel, and in a reflection-type display 
device images are displayed using light reflected from a 
panel. Transmission-type display devices have high visibility 
in dark environments, but have relatively low visibility in 
bright outdoor or indoor environments. On the other hand, 
reflection-type display devices have visibility in dark envi 
ronments, but have relatively high visibility in bright envi 
rOnmentS. 

One type of translucent display device takes advantage of 
both transmission-type and reflection-type displays. This 
translucent display device can be selectively operated either 
in a reflection mode or in a transmission mode according to 
the brightness of a Surrounding environment. Therefore, the 
translucent display device is very beneficial for use in a 
mobile electronic device which is operated in various lighting 
conditions. Generally, cells in the translucent display device 
are divided into two parts. One part of each of the cells has a 
reflection type structure, and the other part of each of the cells 
has a transmission type structure. As a result, the translucent 
display has a relatively low brightness compared to existing 
single-mode displays (i.e. a transmission-type display or a 
reflection-type display). 

SUMMARY 

One or more exemplary embodiments provide a light 
screening apparatus that can prevent undesired light reflec 
tion. 
One or more exemplary embodiments provide an imaging 

device that can obtain high quality images by preventing 
formation of noise patterns with a light Screening apparatus. 
One or more exemplary embodiments provide a display 

that can selectively operate a light screening apparatus either 
in a transmission mode or in a reflection mode, and provide 
excellent visibility comparable to currently available single 
mode display systems in both the transmission mode and the 
reflection mode as well. 

According to an aspect of an exemplary embodiment, 
there is provided a light screening apparatus including a base 
plate, a rollup blade, and a driving unit. The base plate 
includes a lower electrode, and the rollup blade includes an 
upper electrode. The rollup blade is disposed to correspond to 
a light transmitting portion of the base plate when the rollup 
blade is in a flattened position and includes at least two layers 
having different optical properties. The driving unit is elec 
trically connected to the lower electrode and the upper elec 
trode, and drives the rollup blade to adjust the amount of light 
passing through the light transmitting portion. 

According an aspect of another exemplary embodiment, 
there is provided an imaging device including an image sen 
Sor, a base plate, a rollup blade, and a driving unit. The base 
plate includes a lower electrode, and the rollup blade includes 
an upper electrode. A light transmitting portion of the base 
plate is disposed corresponding to the image sensor. The 
rollup blade is disposed corresponding to the light transmit 
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ting portion of the base plate when the rollup blade is in a 
flattened position, and includes at least two layers having 
different optical properties. The driving unit is electrically 
connected to the upper and lower electrodes, and drives the 
rollup blade to adjust the amount of light passing through the 
light transmitting portion. 

According to an aspect of another exemplary embodiment, 
there is provided a display including a back light unit, a rollup 
blade, a color filter, and a driving unit. The base plate includes 
a lower electrode and is disposed over the back light unit. The 
rollup blade includes an upper electrode. The color filter is 
disposed over the rollup blade. The rollup blade is disposed 
corresponding to a light transmitting portion of the base plate 
when the rollup blade is in a flattened position, and includes 
at least two layers having different optical properties. In addi 
tion, the driving unit is electrically connected to the upper and 
lower electrodes, and drives the rollup blade to adjust the 
amount of light passing through the light transmitting portion. 

Other features and aspects will be apparent from the fol 
lowing detailed description, the drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view illustrating an exemplary 
embodiment of a light Screening apparatus when the light 
screening apparatus screens light. 

FIG. 2A is a perspective view illustrating the light screen 
ing apparatus of FIG. 1 when the light screening apparatus 
transmits light. 

FIG.2B is a side view illustrating the light screening appa 
ratus illustrated in FIG. 2A. 

FIG. 3A is an enlarged view of a part marked by dotted 
lines in FIG. 2B in according to an exemplary embodiment of 
a rollup blade. 

FIG. 3B is an enlarged view of the part marked by dotted 
lines in FIG. 2B according to another exemplary embodiment 
of the rollup blade. 

FIG. 3C is a graph illustrating a resultant reflectance of a 
rollup blade including a first phase compensation layer, a light 
absorption layer, a second phase compensation layer, and an 
upper electrode according to an exemplary embodiment. 

FIG. 4 is an enlarged view of the part marked by dotted 
lines in FIG. 2B according to another exemplary embodiment 
of the rollup blade. 

FIG. 5A is a perspective view illustrating another exem 
plary embodiment of a light Screening apparatus when the 
light screening apparatus screens light. 

FIG. 5B is a perspective view illustrating the light screen 
ing apparatus of FIG. 5A when the light Screening apparatus 
transmits light. 

FIG. 5C is a chart illustrating an exemplary relationship 
between an aperture provided by an optical shutter, a size of 
an optical element disposed below the optical shutter, and a 
Vertical distance between a plane of the optical element and a 
cover glass, according to an exemplary embodiment. 

FIG. 6 is a cross-sectional view illustrating an exemplary 
embodiment of an imaging device including a light Screening 
apparatus. 

FIGS. 7A and 7B are cross-sectional views illustrating an 
exemplary embodiment of a reflection-transmission combi 
nation type display when the reflection-transmission combi 
nation type display operates in a reflection mode. 

FIGS. 8A and 8B are cross-sectional views illustrating the 
reflection-transmission combination type display of FIGS. 
7A and 7B when the reflection-transmission combination 
type display operates in a transmission mode. 
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4 
FIG. 9A shows an exemplary method of representing a 

gray Scale of each pixel when a display device according to an 
exemplary embodiment operating in a transmission mode. 
FIG.9B shows an exemplary methodofrepresenting a gray 

scale of each pixel when a display device according to an 
exemplary embodiment operating in a reflection mode. 

Throughout the drawings and the detailed description, 
unless otherwise described, the same drawing reference 
numerals will be understood to refer to the same elements, 
features, and structures. The relative size and depiction of 
these elements may be exaggerated for clarity, illustration, 
and convenience. 

DETAILED DESCRIPTION 

Various exemplary embodiments will now be described 
more fully with reference to the accompanying drawings in 
which some exemplary embodiments are shown. However, 
specific structural and functional details disclosed herein are 
merely representative for purposes of describing exemplary 
embodiments. Thus, the embodiments may encompass many 
alternate forms and should not be construed as limited by the 
following description. Therefore, it should be understood that 
there is no intent to limit exemplary embodiments to the 
particular forms disclosed, but on the contrary, exemplary 
embodiments are to cover all modifications, equivalents, and 
alternatives as would be understood by one of skill in the art. 

In the drawings, the thicknesses of layers and regions may 
be exaggerated for clarity, and like numbers refer to like 
elements throughout the description of the figures. 

Although the terms first, second, etc. may be used hereinto 
describe various elements, these elements should not be lim 
ited by these terms. These terms are only used to distinguish 
one element from another. For example, a first element could 
be termed a second element, and, similarly, a second element 
could be termed a first element, without departing from the 
Scope of exemplary embodiments. As used herein, the term 
“and/or includes any and all combinations of one or more of 
the associated listed items. 

It will be understood that, if an element is referred to as 
being “connected' or “coupled to another element, it can be 
directly connected, or coupled, to the other element or inter 
vening elements may be present. In contrast, if an element is 
referred to as being “directly connected” or “directly 
coupled to another element, there are no intervening ele 
ments present. Other words used to describe the relationship 
between elements should be interpreted in a like fashion (e.g., 
“between versus “directly between.” “adjacent versus 
“directly adjacent, etc.). Further, the meaning that a first 
material layer is formed on a second material layer has to be 
interpreted to include all the cases that the first material layer 
is formed directly on the second material layer and that 
another third material layer is inserted between the second 
material layer and the first material layer, if there is no explicit 
description excluding the cases. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of exemplary embodiments. As used herein, the sin 
gular forms “a” “an and “the are intended to include the 
plural forms as well, unless the context clearly indicates oth 
erwise. It will be further understood that the terms “com 
prises.” “comprising.” “includes” and/or “including, if used 
herein, specify the presence of stated features, integers, steps, 
operations, elements and/or components, but do not preclude 
the presence or addition of one or more other features, inte 
gers, steps, operations, elements, components and/or groups 
thereof. 
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Spatially relative terms (e.g., “beneath.” “below.” “lower.” 
“above.” “upper” and the like) may be used herein for ease of 
description to describe one element or a relationship between 
a feature and another element or feature as illustrated in the 
figures. It will be understood that the spatially relative terms 
are intended to encompass different orientations of the device 
in use or operation in addition to the orientation depicted in 
the figures. For example, if the device in the figures is turned 
over, elements described as “below' or “beneath other ele 
ments or features would then be oriented “above the other 
elements or features. Thus, for example, the term “below’ can 
encompass both an orientation that is above, as well as, below. 
The device may be otherwise oriented (rotated 90 degrees or 
viewed or referenced at other orientations) and the spatially 
relative descriptors used herein should be interpreted accord 
ingly. 

Exemplary embodiments are described herein with refer 
ence to cross-sectional illustrations that are schematic illus 
trations of idealized embodiments (and intermediate struc 
tures). As such, Variations from the shapes of the illustrations 
as a result, for example, of manufacturing techniques and/or 
tolerances, may be expected. Thus, exemplary embodiments 
should not be construed as limited to the particular shapes of 
regions illustrated herein but may include deviations in 
shapes that result, for example, from manufacturing. For 
example, an implanted region illustrated as a rectangle may 
have rounded or curved features and/or a gradient (e.g., of 
implant concentration) at its edges rather than an abrupt 
change from an implanted region to a non-implanted region. 
Likewise, a buried region formed by implantation may result 
in some implantation in the region between the buried region 
and the surface through which the implantation may take 
place. Thus, the regions illustrated in the figures are sche 
matic in nature and their shapes do not necessarily illustrate 
the actual shape of a region of a device and do not limit the 
Scope. 

It should also be noted that in some alternative implemen 
tations, the functions/acts noted may occur out of the order 
noted in the figures. For example, two figures shown in Suc 
cession may in fact be executed Substantially concurrently or 
may sometimes be executed in the reverse order, depending 
upon the functionality/acts involved. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which exemplary embodiments belong. It will be further 
understood that terms, such as those defined in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent with their meaning in the context of the 
relevant art and will not be interpreted in an idealized or 
overly formal sense unless expressly so defined herein. 

In order to more specifically describe exemplary embodi 
ments, various aspects will be described in detail with refer 
ence to the attached drawings. However, the present invention 
is not limited to exemplary embodiments described. 

FIGS. 1 and 2A are perspective views illustrating an exem 
plary embodiment of a light screening apparatus 100, and 
FIG. 2B is a side view of the light screening apparatus 100 
illustrated in FIG. 2A. Referring to FIGS. 1, 2A, and 2B, the 
light screening apparatus 100 includes a base plate 110, a 
rollup blade 120, and a driving unit 130. In FIGS. 2A and 2B, 
the driving unit 130 is illustrated as a simplified box in order 
to focus on other features of the light screening apparatus 100. 
The light screening apparatus 100 may function as an optical 
shutter by itself (as shown in FIGS. 7A and 7B), or may be a 
part of an optical shutter module (as shown in FIGS.5A and 
5B). FIG. 1 shows a state in which the light screening appa 
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6 
ratus 100 is driven to screen light. Forbetter understanding, 
the rollup blade 120 is illustrated as being separate from the 
base plate 110 in FIG. 1. In FIGS. 2A and 2B, the light 
screening apparatus 100 is under a light transmit state. 

According to an exemplary embodiment shown in FIGS. 1, 
2A and 2B, the base plate 110 has a light transmitting portion 
110a through which light can be transmitted. The light trans 
mitting portion 110a may be transparent or translucent. The 
light transmitting portion 110a is an area through which light 
passes when the rollup blade 120 is in a rolled-up (i.e. open) 
position as illustrated in FIG. 2A. As an example, when the 
light screening apparatus 100 functions as an optical shutter 
of an imaging device, the light transmitting portion 110a may 
be located on an optical path of the imaging device so that 
light transmitted through the light transmitting portion 110a 
may reach an image sensor after passing through an optical 
lens. On the other hand, when the rollup blade 120 is driven to 
be flattened as shown in FIG. 1, the entirety or a part of the 
light transmitting portion 110a may be blocked by the flat 
tened rollup blade 120 and thus no light, or only a portion of 
incident light may be transmitted through the light transmit 
ting portion 110a. Since the entirety or a part of the light 
transmitting portion 110a can be blocked by the rollup blade 
120, the amount of light passing through the light transmitting 
portion 110a may be adjusted with the rollup blade 120. The 
remaining portion of the base plate 110 except for the light 
transmitting portion 110a may be optically transparent or 
opaque. 

Referring to FIG. 1, the base plate 110 may have flat shape, 
but the shape of the base plate 110 is not limited to a flat shape 
and it may be in an arbitrary shape (for example, a curved 
shape, a banded shape, a wavy shape, or the like) when it is 
desired or necessary for an application. In addition, the shape 
of the light transmitting portion 110a is also not limited, and 
the light transmitting portion may have a quadrangular shape, 
a circular shape, an oval shape, a polygonal shape, or the like. 
The base plate 110 includes a substrate 112 and a lower 
electrode 114. The substrate 112 may be formed of a trans 
parent or translucent material, or the transparent or translu 
cent material may form only a part of the substrate 112 which 
includes at least the light transmitting portion 110a. The 
substrate 112 may be a glass substrate, but is not limited to 
this. For example, the substrate 112 may be formed of quartz, 
plastic, silica, or the like. 
The lower electrode 114 may be formed of a transparent or 

translucent material which is electrically conductive. For 
example, the lower electrode 114 may be formed of Indium 
Tin Oxide (ITO), ZnO, SnO2, Carbon Nano Tube (CNT) 
materials, conductive polymers, or the like. The lower elec 
trode 114 is electrically connected to the driving unit 130 and 
functions as a driving electrode for operating the rollup blade 
120 of the light screening apparatus 100. 
The lower electrode 114 may be formed on the substrate 

112 or embedded into the substrate 112. The lower electrode 
114 may be formed to cover the entire area of the light 
transmitting portion 110a or to cover a part of the light trans 
mitting portion 110a with a predetermined pattern. Generally, 
when the lower electrode 114 is designed to cover the entire 
area, the lower electrode 114 is able to generate a stronger 
force to drive an upper electrode that is the rollup blade 120, 
as compared to when the lower electrode 114 is designed to 
cover only a part of the light transmitting portion 110a. The 
stronger force between the lower 114 and upper 120 elec 
trodes may result in a faster movement (or response time) of 
the rollup blade 120 between a rolled-up state and a flattened 
state. However, the lower electrode 114 in exemplary 
embodiments is not limited to the fully covering configura 
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tion. The lower electrode 114 may be formed to cover only a 
part of the light transmitting portion 110a or to cover the light 
transmitting portion 110a and a peripheral area of the light 
transmitting portion 110a. 

The rollup blade 120 is maintained in a rolled-up state with 
a predetermined curvature when there is no driving force 
applied between the rollup blade 120 and the base plate 110 
(see FIGS. 2A and 2B). When the rollup blade 120 is in the 
rolled-up state, at least the light transmitting portion 110a of 
the base plate 110 is exposed so that incident light may be 
transmitted through the light transmitting portion 110a. On 
the other hand, when a predetermined driving force is applied 
between the rollup blade 120 and the base plate 110 by the 
driving unit 130, the rollup blade 120 is flattened (see FIG. 1). 
When the rollup blade 120 is in the flattened state, the light 
transmitting portion 110 of the base plate 110 is covered by 
the rollup blade 120 to block incident light. The driving unit 
130 may control the force between the base plate 110 and the 
rollup blade 120 to put the rollup blade 120 into a state 
between the flattened state (FIG. 1) and the rolled-up state 
(FIGS. 2A and 2B), in which the rollup blade 120 partially 
blocks incident light. 

According to exemplary embodiments, the rollup blade 
120 may include at least one material layer that prevents light 
transmission in order to block the incident light. The light 
screening apparatus 100 may include a single rollup blade 
120, as shown in FIGS. 1, 2A and 2b, whose size is large 
enough to cover the entire area of the light transmitting por 
tion 110a, or may include a plurality of small rollup blades 
that cover the light transmitting portion 110a by dividing it 
into plural regions as shown in FIGS. 5A and 5B. 
The rollup blade 120 may include a fixed portion 120a and 

a moving portion 120b. Referring to FIG. 2A, the fixed por 
tion 120a of the rollup blade 120 may be fixed to an edge 
portion of the base plate 110 where the edge portion is placed 
outside of the light transmitting portion 110a. It may be 
possible to fix the fixed portion 120a at another area of the 
base plate 110 or on a structure (not shown) disposed above 
the base plate 110. The moving portion 120b includes the 
remaining portion of the rollup blade 120 other than the fixed 
portion 120a, and the moving portion 120b may be flattened 
or rolled up according to the control of the driving unit 130. 
When a driving voltage applied by the driving unit 130 forms 
opposite electrical potentials on the base plate 110 (e.g. nega 
tive) and on the rollup blade 120 (e.g. positive), an attractive 
force may be formed between the base plate 110 and the 
rollup blade 120. Due to the presence of the attractive force, 
the moving portion 120b may change from the rolled-up state 
to the flattened State and cover the light transmitting portion 
110a. When the driving unit 130 stops supplying the driving 
voltage, the moving portion 120b may return to the rolled-up 
state because the attractive force between the base plate 110 
and the rollup blade 120 no longer exists. 

According to exemplary embodiments, the rollup blade 
120 may include at least two layers having different optical 
properties. The layers having different optical properties may 
be arranged to correspond to each other (see FIG.3A) or may 
be arranged side by side (not shown). Obtaining different 
optical properties may not be limited to using different mate 
rials whose optical properties are different from each other. 
For example, different optical properties may be obtained 
from the same material by applying different Surface finishes 
to different surfaces or by patterning surfaces with optically 
different patterns. 
One of the surfaces of the rollup blade 120 may be an 

anti-reflection surface. For example, the rollup blade 120 has 
an outer circumferential Surface 122a and an inner circum 
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8 
ferential surface 124a in the rolled-up state as illustrated in 
FIGS. 2A and 2B. The outer circumferential surface 122a 
may be an anti-reflection Surface in order to prevent light 
reflection from the outer circumferential surface 122a. The 
anti-reflection Surface may be a structure that minimizes light 
reflection from its surface. As an anti-reflection surface, the 
outer circumferential surface 122a of the rollup blade 120 
may have a black color and look like an optical black Surface. 

Providing a low Surface reflectance is one way of forming 
an anti-reflection surface. However, the low surface reflec 
tance alone may not be sufficient for forming an anti-reflec 
tion Surface for certain applications, because a material layer 
with a low Surface reflectance may have a highlight transmit 
tance and a high internal reflectivity. In this case, a consider 
able amount of light may be internally reflected and returned 
back to the Surface, so the material layer may not function as 
an anti-reflection Surface even though it has a low Surface 
reflectance. For example, an anti-reflection coating (ARC) 
may be applied on the outer circumferential surface 122a of 
the rollup blade 120 to form an anti-reflection surface by 
reducing Surface reflectance with a relatively highlight trans 
mittance. The rollup blade 120 includes the upper electrode 
layer 124 formed of a metal on an opposite side of the ARC. 
The upper electrode layer 124 may be chrome. The upper 
electrode layer 124 both absorbs and reflects light. Due to the 
reflection properties of the upper electrode layer 124, a con 
siderable amount of incident light transmitted through the 
ARC may experience internal reflection on a surface of the 
upper metal electrode layer 124 and may then return back to 
the outer circumferential surface 122a and be emitted from 
the rollup blade. Accordingly, applying an anti-reflection 
coating (ARC) on the outer circumferential surface 122a 
alone may not be sufficient to minimize the amount of 
reflected light, and thus the outer circumferential surface 
122a may not function Sufficiently as an anti-reflection Sur 
face. 
When the outer circumferential surface 122a of the rollup 

blade 120 is not an anti-reflection surface, a substantial 
amount of incident light may be reflected by the outer cir 
cumferential surface 122a in the rolled-up state. A portion of 
the reflected light may be reflected toward the external envi 
ronment, but another portion of the reflected light may be 
reflected toward the light transmitting portion 110a. Most of 
the light reflected by a side surface of the outer circumferen 
tial Surface 122a may be directed to the light transmitting 
portion 110a, because the side surface is substantially per 
pendicular to the light transmitting portion 110a (as shown in 
FIG. 2B). The light reflected toward the light transmitting 
portion 110a is very undesirable. For example, when the light 
screening apparatus 110 is used as an optical shutter of an 
imaging device, the light reflected toward the light transmit 
ting portion may get to an image sensor and create an undes 
ired ghost image on a photographic image. 
The rollup blade 120 may be placed far enough from the 

light transmitting portion 110a in order to prevent formation 
of an undesired ghost image. However, this may increase 
response time of the rollup blade 120 and thus reduce a 
switching speed of the rollup blade 120 between the rolled-up 
state and the flattened state. 

According to exemplary embodiments, the formation of 
undesired ghost images is Suppressed without deteriorating a 
response speed and time of the rollup blade 120 by forming 
the outer circumferential surface 122a as an anti-reflection 
Surface. 
As described above, ERS systems have a problem with 

image dragging effects. In contrast to an ERS system, accord 
ing exemplary embodiments a mechanical shutter system is 
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used in which all image sensors in the pixel matrix are acti 
vated simultaneously. Thus, there is no image dragging prob 
lem. 
One method of forming a surface of the rollup blade 120 as 

an anti-reflection surface is to forman optical black layer 122 
on a surface of the rollup blade 120. The optical black layer 
122 is a material layer that absorbs most incident light without 
any Substantial Surface reflection on a surface or internal 
reflection inside of the material layer. Referring to FIGS. 3A 
and 3B, the rollup blade 120 may include an optical black 
layer 122 as a single material, and the upper electrode layer 
124 disposed on the optical black layer 122. The optical black 
layer 122 may have a single-layered structure formed of a 
single material (see FIG. 3A) or a multi-layered structure 
formed of the same material with interfaces or formed of 
different materials (see FIG.3B). 

According to an exemplary embodiment shown in FIG. 
3A, a majorportion of light incident to the optical black layer 
122 of the rollup blade 120 may be transmitted into the rollup 
blade 120 without being substantially reflected by a surface of 
the optical black layer 122. A major part of light transmitted 
into the rollup blade 120 may be absorbed in the optical black 
layer 122 and eliminated while proceeding through the opti 
cal black layer 122. The optical black layer 122 may absorb 
and eliminate light internally reflected, if there is any, by the 
upper electrode layer 124 as well. Thus, in addition to pre 
venting the reflection of ambient light, the optical black layer 
122 can also prevent light reflected from the upper electrode 
124 from being further reflected. Accordingly, the rollup 
blade 120 includes the anti-reflection surface 122a which is a 
surface of the optical black layer 122 and located opposite to 
the upper electrode layer 124 on the rollup blade 120. 

According to another exemplary embodiment as shown in 
FIG. 3B, the rollup blade 120 may have a multi-layered 
structure including a light absorbing layer to form an anti 
reflection surface where the light absorbing layer is capable of 
weakening the intensity of light (e.g. visible light). The light 
passing through a Surface of the multi-layered structure with 
out experiencing Surface reflection may be weakened when it 
passes through the light absorbing layer. The weakened light 
may proceed within the multilayered structure and may be 
internally reflected by the upper electrode layer 124 of the 
rollup blade 120. After being reflected, the weakened light 
may be further weakened when it passes through the light 
absorbing layer again. Accordingly, the multi-layered struc 
ture having a light absorbing layer may function as an absorp 
tive anti-reflection structure for the rollup blade 120. In addi 
tion, light incident on a multi-layered structure having more 
than three layers may be reflected at various Surfaces (i.e. top 
surface and/or internal surfaces between layers). The light 
reflected by different surfaces may experience destructive 
interference and thus may further minimize the amount of 
light reflected by the anti-reflection surface (i.e. the outer 
circumferential surface) of the rollup blade 120. 

According to exemplary embodiments, the rollup blade 
120 has an inner circumferential surface 124a which is dis 
posed opposite the outer circumferential surface 122a. When 
the rollup blade 120 is in the rolled-up state, the inner circum 
ferential surface 124a may face away from the ambient light 
(from an external light source) as shown in FIGS. 2A and 2B. 
On the other hand, the inner circumferential surface 124a 
may face the ambient light, as shown in FIG. 1, when the 
rollup blade 120 is in the flattened state. The inner circum 
ferential surface 124a may be a reflection surface. Therefore, 
the rollup blade 120 have different optical characteristics (i.e. 
anti-reflectivity and reflectivity) on the surfaces disposed on 
opposite sides of the rollup blade 120 (i.e. the outer circum 
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10 
ferential surface 122a and the inner circumferential surface 
124a). The different optical characteristics may be formed on 
one side of the rollup blade 120 (for example, the outer 
circumferential surface 122a). Forming the reflection surface 
on the rollup blade 120 may be more desirable in certain 
screening apparatus applications. For example, the reflection 
surface of the rollup blade may be more desired in an elec 
tronic device. Such as a reflection-transmission combination 
type display, which utilizes the light reflected by the reflection 
surface when the rollup blade is in the flattened state (as 
shown in FIG. 1) blocking the light transmission portion of 
the device. Devices using the light reflected by the reflection 
surface will be further described later. 
The term “reflection surface' may indicate a surface hav 

ing a high reflectance, or a multi-layered structure having 
high Surface reflectance and also high internal reflectance 
with respect to the light transmitted through the reflection 
surface. Accordingly, when the rollup blade 120 includes a 
reflection surface as the inner circumferential surface 124a, 
the inner circumferential Surface 124a may have a high Sur 
face reflectance and the inner circumferential surface 124a 
may also comprise one or more materials and/or include a 
structure which maximizes the amount of transmitted light 
which is internally reflected and emitted from the inner cir 
cumferential surface 124a. 

FIGS. 3A and 3B illustrate exemplary structures of the 
rollup blade 120, and are enlarged views of a part marked by 
dotted lines in FIG.2B. Referring to FIG.2B, the rollup blade 
120 is rolled into left side and the right side indicated by a 
number 122a (see also, FIGS. 3A and 3B). As shown in FIGS. 
3A and 3B, the rollup blade 120 may include an optical black 
layer 122 that faces the base plate 110, and an upper electrode 
layer 124 formed on the optical black layer 122. 

Referring to FIG. 3A, the optical black layer 122 may be a 
single material layer and have at least one anti-reflection 
surface (e.g. a right surface in FIG. 3A). The optical black 
layer 122 may be formed of a conductive material or an 
electrically insulating material. Such as a dielectric or poly 
mer, whose optical characteristics are Sufficient to form an 
anti-reflection surface. When the optical black layer 122 is 
formed of a conductive material, an insulating layer may be 
additionally formed underneath the conductive optical black 
layer and/or on top of the base plate 110. 

According to exemplary embodiments, the optical black 
layer 122 may be formed of a material having a low surface 
reflectance and a relatively high extinction coefficient in 
which a large amount of incident light is absorbed. Generally, 
a portion of light incident on a medium is reflected by the 
Surface of the medium, and the remaining portion of the light 
is transmitted into the medium. A portion of the transmitted 
light which is proportional to the extinction coefficient of the 
medium is absorbed into the medium, and only the remaining 
portion of the transmitted light is emitted from the medium. 
Having a relatively high extinction coefficient alone is not 
sufficient to maximize the amount of light absorbed by the 
medium, because there would be only a very small amount of 
light transmitted into the medium when the medium has a 
high surface reflectance. Therefore, a desired material for the 
optical black layer 122 generally has both a high extinction 
coefficient and a low surface reflectance. For example, Al or 
Ag may not be a suitable material for the optical black layer 
122 even though each of them has a relatively high extinction 
coefficient which is higher than that of Cror Mo, because Al 
and Aghave considerably high Surface reflectances. 
A light incident surface of the optical black layer 122 (i.e. 

the right-side surface 122a in FIGS.3A) may be roughened to 
lower the surface reflectance. The light incident surface of the 
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optical black layer 122 may be roughened by various meth 
ods. As an example, minute protrusions such as embossing 
may be formed on the surface of the optical black layer 122. 
In addition, other methods for reducing the surface reflec 
tance with regular and irregular patterns may be applied to the 
light incident surface of the optical black layer 122. 

According to exemplary embodiments, the upper electrode 
layer 124 may be formed of an opaque metal. Such as Cr,Al, 
Au, Mo, Cu, or the like, or a combination thereof. In addition, 
the upper electrode layer 124 may be formed of an opaque, 
conductive polymer. The optical properties of the material 
and the thickness of the upper electrode layer 124 effect the 
intensity and amount of light reflected by the upper electrode 
layer 124 and directed to the surface of the optical black layer 
122. Therefore, the performance of the optical black layer 122 
may be improved when an optimal material having an optimal 
thickness is selected for the upper electrode layer 124, and 
then most of the transmitted light passing through the optical 
black layer 122 may be eliminated by absorption within the 
layer and/or by destructive interference of the reflected light 
which includes light reflected by the upper electrode layer 
124. 

According to exemplary embodiments, the optical black 
layer 122 and upper electrode layer 124 of the rollup blade 
120 may have different residual stresses. In more detail, the 
upper electrode layer 124 may have tensile residual stress, 
and the optical black layer 122 may have compressive 
residual stress, no residual stress, or tensile residual stress 
which is less than the tensile residual stress in the upper 
electrode layer 124. Because of this residual stress difference 
(i.e. there is more tensile residual stress in the upper electrode 
layer 124), the rollup blade 120 may be maintained in a 
rolled-up state (see FIGS. 2A and 2B) when there is no 
driving voltage. The curvature of the moving portion 120b in 
the rolled-up state may be determined by controlling the 
residual stress difference between the upper electrode layer 
124 and the optical back layer 122. 
When a driving voltage is applied by the driving unit 130, 

a predetermined driving force (e.g. an attractive force) may be 
generated between the lower electrode 114 and the rollup 
blade 120 (in more detail, the upper electrode layer 124). With 
an attractive driving force, the moving portion 120b of the 
rollup blade 120 is attracted to the lower electrode, is flat 
tened, and covers the light transmitting portion 110 of the 
base plate 110 (see FIG. 1). The driving force may be an 
electro-static force generated between the lower electrode 
112 and the upper electrode layer 124. Other types of driving 
forces may be employed separately or together to operate the 
rollup blade 120. For example, when the upper electrode layer 
124 includes a piezoelectric layer, both a piezoelectric driving 
force on the upper electrode layer 124 and an electro-static 
force between the upper and lower electrode may be applied 
together to drive the moving portion 120b of the rollup blade 
120. 

Referring to FIG.3B, the optical black layer 122 may be a 
multi-layered structure which may includes a plurality of 
material layers stacked together. The plurality of material 
layers may include three or more layers. For example, the 
optical black layer 122 may include a first phase compensa 
tion layer 1222 that faces the base plate 110, a light absorption 
layer 1224 formed on the first phase compensation layer 
1222, and a second phase compensation layer 1226 formed on 
the light absorption layer 1224. The light absorption layer 
1224 may be made of a material Such as chrome which can 
both absorb and reflect light. The absorption properties of the 
light absorption layer 1224, in combination with the other 
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12 
layers of the optical black layer, enable the optical black layer 
to achieve reflection reduction over a wide wavelength range. 
The first phase compensation layer 1222 may be formed of 

an electrically nonconductive material since it may contact 
the lower electrode 114 (see FIG. 1) of the base plate 110. The 
first phase compensation layer 1222 may function to prevent 
initial reflection of ambient light L1 incident on the first phase 
compensation layer 1222 and direct the incident light to the 
light absorption layer 1224 as illustrated in FIG. 3B. For 
preventing initial reflection of the incident light, the first 
phase compensation layer 1222 may be formed of a material 
which has a refractive index greater than that of the air and 
less than that of the light absorption layer 1224. Since the first 
phase compensation layer 1222 has an intermediate refractive 
index, the incident light may experience a relatively smooth 
transition from the air to the light absorption layer 1224. For 
example, when a metal material. Such as Cror Mo, is used for 
the light absorption layer 1224, the first phase compensation 
layer 1222 may be formed of a dielectric material such as 
silicon oxide. The first phase compensation layer 1222 may 
be a single layer or a multi-layered structure consisting of two 
or more layers. The multi-layered structure may beformed of 
layers of the same material or of different kinds of materials. 
The first phase compensation layer 1222 may function to 

adjust the phase of light passing therethrough. For example, 
when the first phase compensation layer 1222 is of with 
silicon oxide, the thickness of the first phase compensation 
layer 1222 may be selected to cause destructive interference 
between light L2 reflected by the light absorption layer 1224 
and light L3 reflected by the upper electrode layer 124. Refer 
ring to FIG. 3B, the light L3 passes through the first phase 
compensation layer 1222 and the second phase compensation 
layer 1226. Therefore, both thickness of the first compensa 
tion layer 1222 and thickness of the second phase compen 
sation layer 1226 may be selected to adjust the phase of the 
light L3 to cause the destructive interference between lights 
L2 and L3. 

According to exemplary embodiments, the light absorp 
tion layer 1224 may absorb light and weaken the intensity of 
the light. The light absorption layer 1224 may be formed of a 
translucent metal material having a great absorption coeffi 
cient, Such as Cr, Mo, or a combination thereof. In addition, 
the light absorption layer 1224 may be formed of dielectric 
material or polymer which has a relatively high absorption 
coefficient. The intensity of light L1 incident to the rollup 
blade 120 may be reduced when the light L1 passes through 
the light absorption layer 1224. Whena thin film is applied on 
the surface of the upper electrode 124 to cause destructive 
interference, it may be difficult to achieve reflection reduction 
through destructive interference over the entire wavelength 
range of visible light. However, when the light absorption 
layer 1224 is used according to the exemplary embodiment 
shown in FIG. 3B, it may be possible to achieve reflection 
reduction over a wide wavelength range by also weakening 
the intensity of the light passing through the light absorption 
layer 1224. The light absorption layer 1224 may be a single 
layer or a multi-layered structure consisting of two or more 
layers formed of the same material or different kinds of mate 
rials. 
The second phase compensation layer 1226 may beformed 

of an electrically nonconductive material to provide electrical 
isolation between the light absorption layer 1224 and the 
upper electrode layer 124. The second phase compensation 
layer 1226 may function to adjust the phase of light passing 
therethrough, which is similar to the first phase compensation 
layer 1222. Accordingly, the second phase compensation 
layer 1226 and the first phase compensation layer may be 
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formed of the same material. Such as silicon oxide or other 
dielectric materials. The thickness of the second phase com 
pensation layer 1225 may be adjusted with or without adjust 
ing the thickness of the first phase compensation layer 1222, 
in order to cause the destructive interference between light L2 
reflected from the light absorption layer 1224 and light L3 
reflected from the upper electrode layer 124. The second 
phase compensation layer 1226 may be a single layer or a 
multi-layered structure consisting of two or more layers 
formed of the same material or different kinds of materials. 

According to exemplary embodiments, the upper electrode 
layer 124 may be a translucent metal layer formed of Cr,Al, 
Au, Mo, Cu, or a combination thereof, or the upper electrode 
layer 124 may be formed of an opaque and conductive poly 
mer. The conductive polymer may be non-opaque, since a 
non-opaque polymer can be converted to an opaque polymer 
by using various techniques including coloring, painting, etc. 
The upper electrode layer 124 may act as a reflector for 
reflecting light back to the optical black layer 122 to enhance 
the destructive interference between light L3 and light L2. 
and thereby minimize the amount of light reflected by the 
outer circumference surface of the rollup blade 120. 
The residual stresses in the first phase compensation layer 

1222, the light absorption layer 1224, the second phase com 
pensation layer 1226, and the upper electrode layer 124 of the 
rollup blade 120 may be different so that the moving portion 
120b may be maintained in the rolled-up state (see FIG. 2A) 
when there is no driving Voltage applied by the driving unit 
130. In more detail, the residual stresses in the first phase 
compensation layer 1222, the light absorption layer 1224, the 
second phase compensation layer 1226, and the upper elec 
trode layer 124 may be sequentially increased in the direction 
from the first phase compensation layer 1222 to the upper 
electrode layer 124. Alternatively, the first phase compensa 
tion layer 1222 may have compressive residual stress, and the 
upper electrode layer 124 may have tensile residual stress. 
Each of the light absorption layer 1224 and the second phase 
compensation layer 1226, which are disposed between those 
two layers 1222 and 124, may have either compressive 
residual stress or tensile residual stress. But the level of the 
(either compressive or tensile) residual stress in each of the 
light absorption layer 1224 and the second phase compensa 
tion layer 1226 may be smaller than the compressive residual 
stress of the first phase compensation layer 1222 or the tensile 
residual stress of the upper electrode layer 124 respectively. 
The curvature of the moving portion 120b in the rolled-up 

state (see FIGS. 2A and 2B) may be controlled by varying the 
residual stresses in the first phase compensation layer 1222, 
the light absorption layer 1224, the second phase compensa 
tion layer 1226, and/or the upper electrode layer 124 of the 
rollup blade 120. When a predetermined driving voltage is 
applied by the driving unit 130, a predetermined driving force 
(for example, an attractive force) may be generated between 
the lower electrode 114 and the upper electrode layer 124 of 
the rollup blade 120. Due to the presence of the driving force, 
the moving portion 120b of the rollup blade 120 may be 
flattened to cover the light transmitting portion 110a of the 
base plate 110. The driving force formed between the lower 
electrode 112 and the upper electrode layer 124 may be an 
electro-static force. 

According to exemplary embodiments, at least one Surface 
(e.g. the left surface) of the upper electrode layer 124 illus 
trated in FIGS. 3A and 3B may be a reflection surface. The 
reflection surface on the upper electrode layer 124 may be 
obtained by forming the upper electrode layer 124 with a 
conductive material having a high surface reflectivity, or by 
forming the upper electrode of a conductive layer 1242 and a 
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14 
light reflection layer 1244 formed on a surface of the conduc 
tive layer 1242 opposite to the optical black layer 122 as 
shown in FIG. 4. In this case, the outer surface of the light 
reflection layer 1244 becomes a reflection surface. As previ 
ously addressed, a light Screening apparatus having the light 
reflection layer 1244 on the upper electrode layer 124 may be 
employed in a reflection-transmission combination type dis 
play. 

According to the exemplary embodiments shown in FIGS. 
1, 2A, and 2B, the driving unit 130 is electrically connected to 
the lower electrode 114 of the base plate 110 and the upper 
electrode 124 of the rollup blade 120. The moving portion 
120b of the rollup blade 120 may flattened when the driving 
unit 130 applies a driving Voltage with opposite potentials 
(i.e. negative and positive potentials) to the lower electrode 
114 and the upper electrode layer 124, respectively. 
A test result shows that the outer circumference surface 

122a of the rollup blade 120 has very low reflectance with 
respect to visible light. In a test with a conventional rollup 
blade having a lowerinsulating layer (e.g. a thickness of about 
300 nm) formed of silicon nitride and an upper electrode layer 
(e.g. a thickness of about 500 nm) formed of aluminum (Al), 
the conventional rollup blade shows reflectance of about 60 to 
90% in all incident angles for the entire visible wavelength 
range. On the other hand, the rollup blade 120 of the exem 
plary embodiment shown in FIG. 3B showed reflectance of 
about 20% or less in all incident angles for the entire visible 
wavelength range in the same test environment. More specifi 
cally, the rollup blade 120 according to exemplary embodi 
ments has an absorptive-type reflection preventing structure 
as illustrated in FIG.3B, and includes the first phase compen 
sation layer 1222 (e.g. a thickness of 90 nm) formed of silicon 
oxide, the light absorption layer 1224 (e.g. a thickness of 7 
nm) formed of Cr, the second phase compensation layer 1226 
(e.g. a thickness of 90 nm) formed of silicon oxide, and the 
upper electrode layer 124 (e.g. a thickness of 60 nm) formed 
of Cr. In this multi-layered structure, a low reflectance over 
the entire visible light frequency range may be possible due to 
the combination of the intensity reduction caused by the light 
absorption layer 1224 and the destructive interference caused 
by the first and second phase compensation layers 1222 and 
1226. The intensity reduction in the light absorption layer 
1224 may be significant when the light absorption layer 1224 
is formed a thin metal (e.g. Cr) which has a relatively high 
absorption coefficient. Most of the incident light may be 
transmitted through the first phase compensation layer 1222, 
to be incident on the light absorption layer 1224. The portion 
of light reflected by the surface of the light absorption layer 
1224 contributes to the destructive interference. The remain 
ing portion of the incident light is transmitted through the 
light absorption layer 1224 and experiences a significant 
intensity reduction. Thus, a relatively small amount of the 
originally incident light not absorbed by the thin metal layer 
1224 and reaches the upper electrode layer 124 after passing 
through the second phase compensation layer 1226. This 
small amount of light is further reflected and absorbed by the 
upper electrode layer 124 which may be formed of the same 
material (e.g. Cr) as the light absorption layer 1224, but have 
a thickness much larger than that of the light absorption layer 
1224. The incident light reflected by the upper electrode 124 
may be transmitted through the second phase compensation 
layer 1226 and experience further significant reduction of the 
intensity due to the absorption in the light absorption layer 
1224. The light intensity reduction may occur over the entire 
visible light frequency range when the incident light passes 
through the light absorption layer 1224 made of a thin metal 
(e.g. Cr). Alternately, the destructive interference may be 
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limited to the middle of the visible light frequency range by 
adjusting the thickness of the phase compensation layers 
1222 and 1226 such that the combination of the intensity 
reduction by the absorption layer and the destructive interfer 
ence by the phase compensation layers may reduce the reflec- 5 
tance. According to exemplary aspects described herein, the 
same metal material (e.g. Cr) having a relatively large absorp 
tion coefficient is used for the upper electrode and the light 
absorption layer to provide the low reflectance. However, 
different materials may be used for the light absorption layer 
and the upper electrode. 

According to one aspect of the exemplary embodiment 
shown in FIG. 3B, the rollup blade 120 may include the first 
phase compensation layer made of SiO, the light absorption 
layer 1224 made of Cr, the second phase compensation layer 
1226 made of SiO, and the upper electrode 124 made of Cr. 
The thickness of the light absorption layer may be from 
approximately 5 nm to approximately 50 nm, or may be from 
approximately 5 nm to approximately 15 nm. According to 
one example, when the light absorption layer is selected to 
have a thickness of 7 nm, the phase compensation layers may 
each have a thickness of 90 nm, and the upper electrode may 
have a thickness of 63 nm. A resultant reflectance of the 
roll-up blade is shown in the graph of FIG. 3C. 
FIGS.5A and 5B are perspective views illustrating another 

exemplary embodiment of a light Screening apparatus 200. 
FIG. 5A shows a state in which the light screening apparatus 
200 blocks light, and FIG. 5B shows another state when the 
light Screening apparatus 200 allows light transmission 
through a portion 210a. The light screening apparatus 200 
illustrated in FIGS.5A and 5B may be used as a mechanically 
operating optical shutter for an imaging device such as a 
digital camera. 
The light screening apparatus 200 includes a plurality of 

rollup blades 220. Fixing portions of the rollup blades 220 are 
fixed along an edge portion of a circular shaped light trans 
mitting portion 210a of a base plate 210. A moving portion of 
each rollup blade 220 is radially arranged from the center of 
the light transmitting portion 210a of a base plate 210 as 
shown in FIG. 5A. The entire light transmitting portion 210a 
is covered by the plurality of rollup blades 220, where the 
moving portion of each rollup blade 220 covers one of a 
plurality of radially divided areas of the light transmitting 
portion 210a. As shown in FIGS. 5A and 5B, each rollup 
blade may be substantially wedge-shaped, and the rollup 
blades may be arranged in a circle to provide a substantially 
circular aperture when in the rolled-up state. Alternately, the 
rollup blades may have other shapes and/or may provide 
apertures of different shapes so long as they are capable of so 
providing synchronized, simultaneous operation. 
The rollup blades may be designed to provide a specific 

relationship between the aperture formed by the rollup blades 
in the rolled-up state and an image sensor, display, or other 
optics disposed therebelow. When the rollup blades are pro 
vided in an arrangement as shown in FIGS. 5A and 5B, the 
diameter L'of a substantially circular aperture formed by the 
rollup blades when in the rolled-up state may be defined as 
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where ris a radius of the curve formed by each of the rolled-up 
blades. According to an example in which the light screening 
apparatus is used as an optical shutter of a display apparatus, 
a relationship between the diameter L' of the substantially 
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circular aperture and a diameter L of a display region may be 
defined as L'=L-2r, or in another form as 

According to this example, when the light screening appara 
tus is used as an optical shutter of a display apparatus a ratio 

may be greater than 0 and less than or equal to 80%. More 
specifically, the ratio 

may be greater than 0 and less than or equal to 55%. Accord 
ing to one aspect, the ratio 

may be 58%. According to an example in which the light 
screening apparatus is used as an optical shutter of an imaging 
device. Such as a camera, a ratio between a diameter L' of the 
aperture and a diameter L of a light receiving region disposed 
therebelow may satisfy: 

L 
100% s L is 220%, 

or more specifically: 

L 
100% s L is 160%. 

FIG. 5C illustrates an exemplary relationship between an 
aperture provided by the optical shutter, a size of a lens or 
other optical element disposed below the optical shutter, and 
a vertical distance between a plane of the lens or other optical 
element and a cover glass. FIG. 5C provides exemplary 
dimensions. In the example illustrated in FIG.5C, FOV is the 
field of view, r is the radius of the rollup blade in the 
rolled-up state, r is the radius of the optical stop of the 
optical system disposed below the optical shutter, R is the 
radius of the aperture formed on the cover glass, R is the 
radius of the aperture formed by the rollup blades in the rollup 
state, d is the distance between the cover glass and a plane of 
the first lens or optical element, and C. is an angle of the field 
of view, such that R-2Jur, and R-2J (r-dtan C)/(2 - tan 
O). It is seen from FIG.5C that R is 1.28 mm, R is 1.058 mm 
and r is 0.222 mm in conditions that the radius of the first 
lens is 0.645 mm, C. is 30 degrees, and d is 0.88 mm. 
The light screening apparatus 100 illustrated in FIGS. 1, 

2A, and 2B may be considered to be an enlarged view of one 
of the rollup blades 220 constructing the light Screening appa 
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ratus 200 illustrated in FIGS. 5A and 5B. Hereinafter, the 
light screening apparatus 200 will be described based on 
differences from the light screening apparatus 100. 

According to the embodiment shown in FIGS.5A and 5B, 
the light Screening apparatus 200 may include the base plate 
210 having the light transmitting portion 210a. The light 
transmitting portion 210a may be in a circular, oval or equi 
lateral polygonal shape. The base plate 210 includes a trans 
parent substrate 212 and a lower electrode 214 (see FIG. 1) 
formed on the transparent substrate 212. 
The light screening apparatus 200 includes the plurality of 

rollup blades 220. When each of the rollup blades 220 is in the 
rolled-up state as illustrated in FIG. 5B, an outer circumfer 
ence surface of each of the rollup blades 220 may be an 
anti-reflection surface. In order to form the outer circumfer 
ence Surface as an anti-reflection Surface, each rollup blade 
220 may have an anti-reflection structure including an optical 
black layer 222. In addition, the upper surface of each rollup 
blade 220 in the flattened state as illustrated in FIG. 5A may 
be a reflection surface. 

Fixing portions of the rollup blades 220 are arranged on the 
base plate 210 to form one of various shapes of the light 
transmitting portion 210a (e.g. a circular, oval or equilateral 
polygonal shape). When the rollup blades 220 are driven by 
the driving unit 130, the moving portions of the rollup blades 
220 are flattened as shown in FIG. 5A. The moving portion of 
each of the rollup blades may have a wedge shape (or trian 
gular shape) and a corner of the wedge shape may be substan 
tially aligned at the center of the light transmitting portion 
210a with a predetermined angle. The moving portion of each 
of the rollup blades 220 covers a corresponding one of the 
divided areas of the light transmitting portion 210. When the 
rollup blades 220 are flattened, there may be a gap formed 
between neighboring rollup blades 220, or at least between 
the moving portions of neighboring rollup blades 220. Alter 
natively, the fixing portions of neighboring rollup blades 220 
may be arranged without any gaps by forming a mechanical 
coupling between the moving portions of the neighboring 
rollup blades 220. 

According to the exemplary embodiment shown in FIGS. 
5A and 5B, the light screening apparatus 200 includes a 
driving unit (not shown) electrically connected to the base 
plate 210 and the rollup blades 220. When there is a driving 
force controlled by the driving unit, the moving portions of 
the rollup blades 220 may be flattened as shown in FIG. 5A. 
The driving unit may control the rollup blades 220 simulta 
neously or individually. In addition, the driving unit may be 
able to adjust a degree of rolled-up or flattened of the rollup 
blades 220 to control the size of the opened aperture of the 
light transmitting portion 210a. 
When there is no driving voltage from the driving unit, the 

moving portions of the rollup blades 220 are maintained in the 
rolled-up state as illustrated in FIG. 5B due to the presence of 
residual stress in the rollup blades 220. The moving portion of 
each rollup blade 220 may include an optical black layer 222 
and upper electrode layer 224. The optical black layer may 
have a single layer structure or a multi-layered structure con 
sisting of three or more layers). The difference between the 
residual stresses of the optical layer and the upper electrode 
layer may cause a rollup of the driving portion of each rollup 
blade 220. The moving portion of each rollup blade 220 is 
rolled up outward from the center of the light transmitting 
portion 210a as shown in FIG. 5B in which the light trans 
mitting portion 210a of the base plate 210 is fully exposed to 
the incident light. When a driving voltage is applied by the 
driving unit between the base plate and the rollup blades 220, 
the moving portions of the rollup blades 220 are flattened to 
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cover the light transmitting portion 210a as shown in FIG.5A, 
and thereby prevent light passing through the light transmit 
ting portion 210a. 

FIG. 6 is a cross-sectional view illustrating an exemplary 
embodiment of an imaging device including a light Screening 
apparatus 310. Referring to FIG. 6, the imaging device A 
includes the light screening apparatus 310, a lens unit 320, 
and an image sensor 330. 
The light screening apparatus 310 may be similar to the 

light screening apparatus 200 illustrated in FIGS.5A and 5B 
ora light screening apparatus according to another exemplary 
embodiment as described herein. In FIG. 6, for convenience 
of description, a driving unit of the light Screening apparatus 
310 is not shown. The driving unit of the light screening 
apparatus 310 controls the position of rollup blades 314. The 
rollup blades 314 may be in the rolled-up state, in the flattened 
state or a state between the rolled-up and flattened states, and 
thereby fully allow light transmission to the image sensor 
330, fully prevent light transmission to the image sensor 330, 
or partially allow light transmission to the image sensor 330, 
respectively. In addition, the driving unit of the light screen 
ing apparatus 310 may control the amount of time the rollup 
blades 314 stay at a certain position/state (i.e. in the rolled up 
state, the flattened state, and/or a state between the rolled-up 
and the flattened state) to control the amount of light trans 
mitted to the image sensor 310. In the light screening appa 
ratus 310, the outer circumference surface 314a of each rollup 
blade 314 may be an anti-reflection surface. 

According to exemplary embodiments, a spacer frame 316 
may be formed on a base plate 312 of the light screening 
apparatus 310 to protect the rollup blades 314. For example, 
the spacer frame 316 may be positioned on an edge portion of 
the base plate 312 which is not covered by the rollup blades 
314 as shown in FIG. 6. Alternatively, a transparent cover (not 
shown) instead of the spacer frame 316 may be placed to on 
the base plate 312 where the transparent cover is able to cover 
the entire base plate 312 while providing a sufficient inner 
space for movement of the rollup blades 134. Other optical 
components, such as a filter, a lens, etc., which are used to 
adjust the amount light passing through the light transmitting 
portion, may be further disposed on or in conjunction with the 
base plate 312 of the light screening apparatus 310. 
The lens unit 320 is an optical focusing system which 

focuses the light passing through the light transmitting por 
tion of the base plate 312 on the image sensor 330. The lens 
unit 320 may be composed of one or more lenses, and include 
a device that can adjust the focal distance of the imaging 
device A. An additional lens unit (not shown) may be further 
disposed over the light screening apparatus 310. 
The image sensor 330 receives the light passing through 

the light transmitting portion and forms images, and the 
image sensor 330 may have a plurality of pixels. The image 
sensor 330 used with the exemplary embodiments described 
herein is not limited a certain type. For example, the image 
sensor 330 may be a Complementary Metal Oxide Semicon 
ductor (CMOS) image sensor, a Charge Coupled Device 
(CCD), or another type of image sensor as would be under 
stood by one of skill in the art. When the rollup blades 314 are 
in the flattened State, the entire light transmitting portion is 
covered by the rollup blades 314 and the image sensor 330 
receives no light. 

FIGS. 7A, 7B, 8A, and 8B show cross-sectional views of an 
exemplary embodiment of a reflection-transmission combi 
nation type display a light Screening apparatus. In FIGS. 7A 
and 7B, cross-sectional views illustrate the reflection-trans 
mission combination type display operating under a reflec 
tion mode. In FIGS. 8A and 8B, cross-sectional views illus 
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trate the reflection-transmission combination type display 
operating under a transmission mode. Referring to FIGS. 7A, 
7B, 8A, and 8B, the reflection-transmission combination type 
display B includes the light screening apparatus 410, a back 
light unit (BLU) 420, and a color filter 430. The light screen 
ing apparatus 410 may be similar to the light screening appa 
ratus 100 illustrated in FIGS. 1, 2A, and 2B or may be a light 
screening apparatus according to another embodiment 
described herein. In FIGS. 7A and 7B, a driving unit of the 
light Screening apparatus 410 is not illustrated for simplicity 
of drawing. The configurations or kinds of the back light unit 
420 and the color filter 430 are not limited to a certain type and 
a configuration. 
The cross-sectional views in FIGS. 7A, 7B, 8A, and 8B 

schematically illustrate the configuration of a unit pixel in the 
reflection-transmission combination type display. Referring 
to FIGS. 7A, 7B, 8A, and 8B, the light screening apparatus 
410 may be provided for each pixel, but it is not essential for 
all pixels to include the light screening apparatus 410. The 
term “unit pixel’ is a unit with respect to a display surface or 
with respect to the color filter 430. When the unit pixel is a 
unit corresponding to the display surface, the color filter 430 
of the unit pixel may include all primary colors (e.g. red, 
green and blue (RGB)). On the other hand, when the unit pixel 
is a unit corresponding to the color filter, the color filter 430 of 
the unit pixel may include one of the primary colors (e.g. R,G, 
or B). 
When the reflection-transmission combination type dis 

play operates in the reflection mode, as illustrated in FIGS. 
7A and 7B, the display uses the light incident from the outside 
and then reflected by the light screening apparatus 410 as a 
light source. The light screening apparatus 410 of the reflec 
tion-transmission combination type display may include a 
rollup blade 414 whose upper surface is a reflection surface 
(see FIG. 4). When the reflection-transmission combination 
type display operates under the reflection mode, the back light 
unit 420 may be in a turned-off state. Referring to FIG. 7A, 
when the rollup blade 414 is flattened in the reflection mode, 
most of incident light is reflected by the rollup blade 414 and 
thereby the corresponding pixel becomes bright. On the other 
hand, when the rollup blade 414 is rolled up, as shown in FIG. 
7B, under the reflection mode, there is no or little reflected 
light so that the corresponding pixel becomes dark. In addi 
tion, the rollup blade 414 may have a lower surface (i.e. an 
outer circumference Surface) that is an anti-reflection Surface, 
which may minimize deterioration of visibility by reducing 
undesired light reflection from the outer circumference sur 
face of the rollup blade 414 when the rollup blade 414 is in the 
rolled-up state as shown in FIG. 7B. 
When the reflection-transmission combination type dis 

play operates under a transmission mode as illustrated in 
FIGS. 8A and 8B, the light emitted from the back light unit 
420 is used as a light source. Referring to FIG. 8A, most of 
light from the back light unit 420 is emitted to the outside 
when the rollup blade 414 is in the rolled-up state. The rollup 
blade 414 may have the lower surface (i.e. the outer circum 
ference Surface) that is an anti-reflection Surface, in order to 
minimize deterioration of visibility due to undesired light 
reflection from the outer circumference surface of the rolled 
up rollup blade 414. As illustrated in FIG. 8B, when the rollup 
blade 414 is in the flattened state, light emitted from the back 
light unit 420 is blocked so that the corresponding pixel 
becomes dark. 

The driving unit (not shown) of the light screening appa 
ratus 410 controls the state of the rollup blade 414 between 
the rolled-up state and the flattened State. According to an 
exemplary embodiment, the reflection-transmission combi 
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nation type display transmits or blocks light emitted from the 
back light unit 420 in the transmission mode, and reflects or 
does not reflect light incident from the outside in the reflection 
mode to control the amount of light provided for each pixel. 
The driving unit may be able to operate a plurality of rollup 
blades individually or simultaneously, where the plurality of 
the rollup blades may be arranged in a matrix form corre 
sponding to a plurality of pixels. 

In addition, the driving unit of the light screening apparatus 
410 may control the time that the rollup blade 414 spends in 
a certain state (e.g. in the rolled-up state, or in the flattened 
state) and/or a degree of rolled-up or flattened of the rollup 
blade 414 to control the amount of light provided for each 
pixel. In more detail, the brightness of each pixel of the 
reflection-transmission combination type display may be 
proportional to the amount of time that the rollup blade 414 is 
in the rolled-up state under the transmission mode, and may 
be proportional to the amount of time that the rollup blade 414 
is in the flattened state under the reflection mode. Accord 
ingly, the driving unit of the light screening apparatus 410 
may display a gray Scale of the corresponding pixel by adjust 
ing an average amount of time that the rollup blade 414 is in 
the flattened state for each given time frame (i.e. a predeter 
mined time period). 

FIGS. 9A and 9B show exemplary methods of representing 
the gray scale of each pixel when the reflection-transmission 
combination type display operates in the transmission mode 
and in the reflection mode, respectively. In the examples 
illustrated in FIGS. 9A and 9B, rectangles at the bottom 
schematically show the brightness Y of a pixel. The bright 
ness Ya of the pixel is the highest as shown in FIG.9A (a), the 
brightness Ye of the pixel is lowest as shown in FIG.9A (c), 
and the brightness Yb is between the brightness Ya and the 
brightness Yc. In addition, a diagram above each rectangle 
shows a pulse shape of a driving Voltage Vd which is applied 
to the pixel for a predefined period of time. An average driving 
time of a pulse P1 for which the driving voltage is applied is 
the shortest in 9A (a) and 9B (c) (the average driving time may 
be 0), the average driving time of a pulse P3 is the longest in 
9A (c) and 9B (a), and the average driving time of a pulse P2 
for (b) shown in FIG. 9A and for (b) shown in FIG.9B is 
between the average driving times of the pulse P1 and the 
pulse P2. Referring to FIGS. 8A, 8B, and 9A, the reflection 
transmission combination type display operates under the 
transmission mode. The brightness of a pixel is the lowest as 
shown in FIG.9A (c) when the driving voltage is applied and 
the corresponding rollup blade 414 is in the flattened state 
continuously. On the other hand, the brightness of the pixel is 
the highest as shown in FIG. 9A (a) when there is no driving 
Voltage and the corresponding rollup blade 414 is in the 
rolled-up state. Therefore, the brightness of each pixel is 
inversely proportional to an average driving time (i.e. the 
average driving times for (a), (b) and (c) are (a)<(b)<(c)) for 
which the driving voltage is applied and thus the rollup blade 
414 is in the flattened state for a given time frame(s). In FIGS. 
7A, 7B, and 9B, the reflection-transmission combination type 
display operates under the reflection mode. The brightness of 
a pixel is the lowest as shown in FIG.9A (c) when there is no 
driving Voltage and thus a corresponding rollup blade 414 is 
in the rolled-up state. On the other hand, the brightness of the 
pixel is the highest as shown in FIG.9A (a) when the driving 
Voltage is applied and the corresponding rollup blade 414 is in 
the flattened state continuously. Therefore, the brightness of 
each pixel is proportional to an average driving time (i.e. the 
average driving times for (a), (b) and (c) are (a)>(b)>(c)) for 
which the driving voltage is applied and the rollup blade 414 
is in the flattened state for a given time frame(s). Referring to 
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FIGS. 9A and 9B, the same gray scale (see, FIG.9A (b) and 
FIG.9B (b)) may be obtained under the transmission mode 
and the reflection mode with opposite driving Voltage signals. 
Accordingly, Switching between the transmission mode and 
the reflection mode of the reflection-transmission combina 
tion type display may be easily performed by inverting a 
driving Voltage signal applied by the driving unit. 
A number of examples have been described above. Never 

theless, it will be understood that various modifications may 
be made. For example, suitable results may be achieved if the 
described techniques are performed in a different order and/or 
if components in a described system, architecture, device, or 
circuit are combined in a different manner and/or replaced or 
Supplemented by other components or their equivalents. 
Accordingly, other implementations are within the scope of 
the following claims. 

What is claimed is: 
1. A light screening apparatus comprising: 
a base plate comprising a lower electrode: 
a rollup blade comprising upper electrode; and 
a driving unit electrically connected to the lower electrode 

and the upper electrode, 
wherein the rollup blade is positionable into a flattened 

position in which the rollup blade covers a light trans 
mitting portion of the base plate and a rolled-up position; 

wherein the rollup blade comprises at least two layers 
having different optical properties, wherein the at least 
two layers comprises a layer comprising an anti-reflec 
tion surface defining a convex surface of the rollup blade 
in the rolled-up position; 

and wherein the layer comprising the anti-reflection sur 
face comprises an optical black layer. 

2. The light screening apparatus of claim 1, wherein the at 
least two layers of the rollup blade comprise at least one metal 
absorption layer and at least one dielectric layer. 

3. The light Screening apparatus of claim 1, wherein the 
driving unit drives the rollup blade to move the rollup blade 
between the flattened position and the rolled-up position, thus 
adjusting an amount of light passing through the light trans 
mitting portion. 

4. The light screening apparatus of claim 1, where the 
optical black layer has a multi-layered structure comprising at 
least two different materials. 

5. The light Screening apparatus of claim 1, wherein the 
optical black layer comprises at least one metal absorption 
layer and at least one dielectric layer. 

6. The light screening apparatus of claim 1, wherein the 
optical black layer has reflectance of about 20% or less with 
respect to visible light. 

7. The light Screening apparatus of claim 1, wherein the 
rollup blade comprises at least three layers. 

8. The light screening apparatus of claim 7, wherein the at 
least three layers of the rollup blade comprises a metal 
absorption layer. 

9. The light screening apparatus of claim 8, wherein the 
metal absorption layer is formed of at least one of Crand Mo. 

10. The light screening apparatus of claim 7, wherein the at 
least three layers of the rollup blade comprises at least two 
phase compensation layers and a light absorption layer dis 
posed between the at least two phase compensation layers. 

11. The light screening apparatus of claim 7, wherein the at 
least three layers of the rollup blade comprises a dielectric 
layer. 

12. The light screening apparatus of claim 1, wherein the 
upper electrode is formed of at least one of Cr,Al, Au, Mo, 
and an opaque polymer. 
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13. The light screening apparatus of claim 1, wherein the 

rollup blade comprises a fixing portion and a moving portion, 
the fixing portion is fixed to the base plate outside of the light 
transmitting portion, and the moving portion is rolled up 
toward the fixing portion when the rollup blade is in the 
rolled-up position. 

14. The light screening apparatus of claim 13, wherein 
convex surface of the moving portion, when the rollup blade 
is in the rolled-up position, is the optical black layer. 

15. The light screening apparatus of claim 1, wherein the at 
least two layers comprise a layer comprising a reflection 
surface as an inner circumferential surface of the rollup blade 
when the rollup blade is in the rolled-up position and the 
optical black layer as the convex surface of the rollup blade 
when the rollup blade is in the rolled-up position. 

16. The light screening apparatus of claim 15, wherein the 
layer comprising the reflection Surface is a light reflection 
layer disposed on the upper electrode. 

17. The light screening apparatus of claim 1, wherein the 
base plate further comprises a substrate which is formed of a 
transparent or translucent material. 

18. The light screening apparatus of claim 1, wherein the 
Substrate is formed of at least one of glass, quartz, plastic, and 
silica. 

19. The light screening apparatus of claim 17, wherein the 
lower electrode is formed of at least one of Indium Tin Oxide 
(ITO), ZnO, SnO2. Carbon NanoTube (CNT), and a conduc 
tive polymer. 

20. An imaging device comprising: 
an image sensor, 
a base plate disposed over the image sensor and comprising 

a lower electrode: 
a plurality of rollup blades each comprising a upper elec 

trode; and 
a driving unit electrically connected to the lower electrode 

and the upper electrode, wherein a light transmitting 
portion of the base plate is disposed in correspondence 
to the image sensor, the plurality of rollup blades are 
positionable into a flattened position in which the plu 
rality of rollup blades cover the light transmitting por 
tion of the base plate and a rolled-up position; and 

wherein each of the plurality of rollup blades comprises at 
least two layers having different optical properties, 

wherein the at least two layers comprises a layer compris 
ing an anti-reflection Surface defining a convex surface 
of the rollup blade in the rolled-up position; and 

wherein the layer comprising the anti-reflection Surface 
comprises an optical black layer. 

21. The imaging device of claim 20, wherein the at least 
two layers of each of the plurality of rollup blades comprise at 
least one metal absorption layer and at least one dielectric 
layer. 

22. The imaging device of claim 20, wherein the driving 
unit drives the plurality of rollup blades into the rolled-up 
position, thus adjusting an amount of light incident on the 
image sensor. 

23. The imaging device of claim 20, wherein each of the 
plurality of rollup blades comprises two phase compensation 
layers and a light absorption layer disposed between the two 
phase compensation layers. 

24. The imaging device of claim 20, wherein each of the 
plurality of rollup blades comprise a fixing portion fixed to the 
base plate outside of the light transmitting portion, and a 
moving portion rolled up toward the fixing portion when the 
rollup blades are in the rolled-up position, 
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wherein each of the plurality of rollup blades corresponds 
to one of a plurality of divided regions of the light 
transmitting portion, and 

wherein the light transmitting portion has a circular shape. 
25. The imaging device of claim 20, wherein the at least 

two layers comprise a layer comprising a reflection surface as 
an inner circumferential surface of the rollup blade when the 
rollup blades are in the rolled-up position and the optical 
black layer as the convex surface of the rollup blade when the 
rollup blades are in the rolled-up position. 

26. The imaging device of claim 25, wherein the layer 
comprising the reflection surface is a light reflection layer 
formed on the upper electrode. 

27. A display comprising: 
a back light unit; 
a base plate disposed over the back light unit and compris 

ing a lower electrode: 
a rollup blade comprising a upper electrode: 
a color filter disposed over the rollup blade; and 
a driving unit electrically connected to the lower electrode 

and the upper electrode, 
wherein the rollup blade is positionable into a flattened 

position in which the rollup blade covers a light trans 
mitting portion of the base plate and a rolled-up position, 
the driving unit drives the rollup blade to position the 
rollup blade in the flattened position or the rolled up 
position, thereby adjusting and amount of light passing 
through the light transmitting portion, and the rollup 
blade comprises at least two layers having different opti 
cal properties, and 

wherein the at least two layers comprise a layer comprising 
a reflection surface as an inner circumferential surface of 
the rollup blade when the rollup blade is in the rolled-up 
position and a layer comprising an anti-reflection sur 
face as a convex surface of the rollup blade when the 
rollup blade is in the rolled-up position. 

28. The display of claim 27, where the at least two layers 
comprise at least one metal absorption layer and at least one 
dielectric layer. 

29. The display of claim 27, wherein the driving unit con 
trols the rollup blade to be in a transmission mode and a 
reflection mode, 

wherein, in the transmission mode, the rollup blade is in the 
rolled-up position, and 

wherein, in the reflection mode, the rollup blade is in the 
flattened position. 

30. The display of claim 27, wherein the rollup blade 
includes a fixing portion and a moving portion, the fixing 
portion is fixed to the base plate outside of the light transmit 
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ting portion, and the moving portion is rolled up toward the 
fixing portion when the rollup blade is in the rolled-up posi 
tion. 

31. The display of claim 30, wherein the driving unit 
adjusts an average time for which the moving portion of the 
rollup blade is in the flattened position for given frames. 

32. A light screening apparatus comprising: 
a base plate comprising a lower electrode: 
an array of a plurality of rollup-blades disposed on the base 

plate, each of the plurality of rollup blades comprising 
an upper electrode and an optical black layer, wherein 
the upper electrode and the optical black layer have 
different optical properties; and 

a driving unit which applies a driving force between the 
lower electrode and the upper electrode to move each of 
the plurality of rollup blades from a first, rolled-up posi 
tion, into a second, flattened position in which the plu 
rality of rollup blades covers a light transmitting portion 
of the base plate: 

wherein the optical black layer comprises a first phase 
compensation layer, a second phase compensation layer, 
and a light absorption layer disposed between the first 
phase compensation layer and the second phase com 
pensation layer. 

33. A light screening apparatus comprising: 
a base plate comprising a lower electrode: 
an array of a plurality of rollup blades disposed on the base 

plate, each of the plurality of rollup blades comprising 
an upper electrode of a first material, a first phase com 
pensation layer of a second material, an absorption layer 
of the first material, and a second phase compensation 
layer of a second material, wherein the first material has 
optical characteristics different from optical character 
istics of the second material; 

wherein each of the plurality of rollup blades is position 
able into a first, rolled-up position and a second, flat 
tened position, such that when the plurality of rollup 
blades are in the first position, an aperture is formed 
therebetween. 

34. The display of claim 27, wherein the display further 
comprises a color filter disposed over the rollup blade. 

35. The display of claim 34, wherein the rollup blade 
comprises a plurality of rollup blades, 

wherein each of the plurality of rollup blades is arranged to 
correspond to one of a plurality of pixels of the color 
filter, and 

wherein the driving unit drives the plurality of rollup blades 
individually. 
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